enzymes are determined (2) . This complex usually migrates between CK-MM and CK-MB on electrophoresis (2) , but in some cases it co-migrates with CK-MM (8) . The presence of macro CX can result in a false laboratory diagnosis of acute myocardial infarction with both ion-exchange (6) and immunoinhibition methods (1, 7) . Macromolecular LD is a complex between one or more isoenzymes and circulating
IgA (3), IgG (4), or 13-lipoproteins (5) . The presence ofmacro LD may result any of the following on electrophoresis:
abnormal number of LD isoenzyme bands, altered electrophoreticmobility of bands, and band broadening (4) .
We describe here the findings in a patient with acute myocardial infarction who had both macro LD and macro CK in her serum, which interfered with the interpretation of the CX and LD isoenzyme patterns on electrophoresis.
Case History
A 73-year-old woman was admitted to the hospital for investigation of left-side weakness suspected to be due to ruptured intracranial aneurysm. She had had a myocardial infarction10 years earlier. She was being treated with propranolol for angina, eltroxin for hypothyroidism, and sulindac for arthritis.
Of significance at the time of admission were the above-normal LD and CK activities:
434 U/L (normal range 80-210 UIL) and 588 U/L (normal range 21-215 U/L), respectively. While in the hospital, the patient developed sudden chest pain. The total activity of CK, LD, and aspartate aminotransferase (AST; EC 2.6.1.1) followed a pattern typical of myocardial infarction (9) . Table 1 summarizes the data on enzyme changes. However, the isoenzyme patterns, as determined by electrophoresis, were unusual. No MB band was seen at any time after the infarction.
The LD isoenzyme pattern was also difficult to interpret because of the abnormal electrophoretic mobility of the isoenzyme bands (see Figure  2) .
The electrocardiogram showed ST-segment elevation and T-wave inversion,indicatingan inferior infarction.
A radionuclide scan with aomTcpyrophosphate confirmed the presence of a recent myocardial infarction. The patient's serum was examined for macro CX and LD. changes after the onset of chest pain were characteristic of myocardial infarction. The myocardial infarction was confirmed by electrocardiographic findings and mTcpyro phosphate radionuclide scan. However, the CX and LD isoenzyme changes were not typical. The CK isoenzyme pattern was determined on several occasions after the onset of chest pain. No MB band was visible in any sample. Sample A (Figure 1) shows the CK isoenzyme pattern 6 h after onset of chest pain. The total CK activity peaked at about 19 hand the CK isoenzyme pattern (not shown) only showed a small shoulder on the anodal side of the CK-MM peak. The pattern was similar to that of sample E (Figure 1) .
Materials and Methods
The patient's serum taken at 6 h after infarction was mixed with an equal volume of a commercial CK isoenzyme marker (Ortho Diagnostics Inc., Raritan, NJ 08869) containing all three human CK isoenzymes and with a serum specimen from a patient with a myocardial infarction. These samples along the unmixed specimen, diluted 1:1 with isotonic saline, were incubated overnight at 4 #{176}C and electrophoresed on cellulose acetate. Figure 1 illustrates the CK isoenzyme patterns. The MB and BB bands were not apparent after mixing with the patient's serum. However, the intensity of enzyme activity in the CK-MM region increased. A small shoulder on the anodal side of the CK-MM band was also evident. The LD isoenzyme changes were also unusual ( Figure 2) . The LD isoenzyme pattern of the patient's serum 6 h after the infarction showed no distinct LD isoenzyme bands. Most of the LD activity was associated with a broad, asymmetric, slow-moving band with the peak near the normal position of LD 5. The normal LD bands were more apparent in the serum specimen taken 19 h after the infarction, when the LD activity was significantly increased. However, all of the bands were broadened relative to the normal isoenzymes. An LD 1:2 "flip" was apparent at this time, which is consistent with a myocardial infarction. The LD and CX results were suggestive of the presence of both macro CK and macro LD isoenzymes in the serum of this patient, so we did Sephadex G-200 chromatography as described in Materials and Methods to estimate the size of the CX and LD isoenzymes. Figure 3 shows the elution pattern of the patient's CK activity in serum taken 19 h after the infarction. The larger CK activity peak has a relative molecular mass of approximately 100 000, which is the reported mass of normal dimeric human CX (10) . However, 30% of the CK activity in this patient's serum has an apparent relative molecular mass of 250 000. A control patient's serum (not shown) showed a single peak of CX activity matching the elution position of this patient's low-molecular-mass peak. LD activity in the serum specimen taken at 6 h after the infarct was eluted as a single asymmetrical peak on Sephadex G-200 (Figure 4) . Its mean molecular mass was estimated at 200 000. This is higher than the mass of normal LD, which is approximately 140 000 (10) 
Immunoprecipitation was used to determine the nature of these macro enzymes. The column fractions containing high-molecular-mass CK activity eluted from the Sephadex G-200 column were pooled and concentrated. Removal of IgG by precipitation with specific antibody concomitantly removed 75% of the CK activity in this fraction. Removal of 1gM and IgA did not influence the CX activity.
Immunoprecipitation of the LD activity was done, with use of unfractionated serum. Antibody to IgG precipitated80% of the total LD activity in the sample taken 19 h after infarction. Again, removal of IgG and 1gM by immunoprecipitation had no effect on serum LD activity.
Discussion
Binding of CK and LD to immunoglobulins to form macro CX and macro LD, respectively, has already been described (1) (2) (3) (4) (5) (6) (7) (8) In this patient the presence of macro CK-MB resulted in a falsely negative result by electrophoresis. This is in contrast to reports that macro CK results in falsely high values for apparent CK-MB if determined by immunoinhibition (1, 7) and ion-exchange methods (6) .
The increased molecular mass and the precipitation of 80% of the total LD activity with antibody to IgG are consistent with the presence of an IgG:LD complex. However, the estimated molecular mass (approx. 200 000) of the macro LD was lower than the expected molecular mass of 290 000. The band broadening of the LD isoenzyme bands on cellulose acetate and the asymmetry of the LD activity peak on Sephadex 120 G-200 suggest that the macro LD complex may have been partly dissociated during migration or elution. The sample taken 19 h after infarction shows even greater dissociability of the macro LD complex on both cellulose acetate, as mdicated by the isoenzyme pattern, and Sephadex G-200, as evidenced by the even lower apparent relative molecular mass.
The pathogenesis and clinical significanceof circulating ' antibodies capable of binding serum enzymes is not known.
<
Macro CX is not associated with any common pathology.
However, it is found more commonly in elderly women (8) .
Macro LD has been observed in apparently healthy individuals (5) and in patients with a wide variety of disorders, including autoimmune disease (11) . The patient discussed here did have a polyclonal increase in IgG and also has arthritis of unknown etiology.
The long biological half-lives of macro CK and macro LD complexes often result in an unexplained increase in the apparent serum CX and LD activity, respectively, and this may lead to further investigations (4) . The presence of macro CX and macro LD is probably the explanation of the persistent elevation of CK and LD prior to the infarction in this patient.
